Soil salinity is a major geological and environmental problem in Yinchuan Plain, and severely restricts the sustainable development of local agricultural, social-economic. Therefore, it is very significant that using remote sensing to survey the saline soil distribution for improving management of wise use the saline soil. In this study, we use China HJ-1B satellite remote sensing data to investigate the saline soil 
INTRODUCTION
Soil salinization is the accumulation of soluble salt in the soil. Soil salinization is one of the main types in the world's land desertification and land degradation, is a global resource issue and ecological problem. Salinization is a common characteristic of soil in arid, semi-arid areas. Many regions of western China, especially in arid and semi-arid areas, soil salinization has become an important factor for the constraint of agricultural production and ecological environment (Li et al., 2010) , severe salinity affects vegetation growth and indirectly leads to deterioration of ecological environment, which reduces land utilization.
Remote sensing technology has been widely used in land use classification (Zhang and Zhu, 2011; Zhu et al., 2010) , the monitoring and evaluation of land degradation *Corresponding author. E-mail: 564869056@qq.com. (Cai et al., 2010) , and wetland change detection analysis . Such as the potential and limitations of remote sensing survey of salinity have been analyzed (Metternicht and Zinck, 2003) , the reflectance index of combination spectral of bare land and vegetation has been applied for the research of remote sensing mapping of soil salinization (Fernández-Buce et al., 2006) . Respectively, some others use Landsat ETM, AVIRIS, colour infrared aerial imagery (CIR), high-resolution spectral radiometer (GER 3700) to obtain the data to extract the saline information of Rio Grande region between the United States and Mexico, and make a detailed comparison (Howari, 2003) , Remote sensing investigation of soil salinization has become the important means for soil salinization qualitative, quantitative and dynamic analysis. Some satellites remote sensing data as U.S. Environmental Remote Sensing satellites Terra, land resource satellite MSS, TM and ETM, the French SPOT, Indian IRS etc. have been widely used in monitoring and dynamic analysis of saline soil (Huang, 2010; Zhang et al., 2010) . In this paper, we used Chinese environmental disasters satellite remote sensing data of Yinchuan Plain, studied the soil salinization information extraction method and analyzed the spatial distribution law and causes in the soil salinization of Yinchuan Plain, and put forward the control measures of soil salinization.
Study area
Yinchuan Plain is located in the arid portion of western China (Figure 1 ). The plain is approximately 165 km from south to north and 50 km from east to west, covering an area of about 7793 km 2 . The elevation of the study area ranges from approximately 1000m to 1200 m, with a generally flat terrain that slopes from southwest to northeast. The Yellow River runs through Yinchuan Plain from south to north. The study area is subject to a temperate continental climate and has an annual average rainfall of 180~220 mm and an annual average evaporation of 1800~2200mm. Some water is supplied to the Yinchuan Plain wetland from the Yellow River. Water is also provided by lateral groundwater infiltration, farmland water (runoff), torrent, and precipitation recharge. Before the formation of the Yellow River, the Yinchuan Plain was a landlocked lake. After the formation of the original Yellow River, the lake gradually evolved into a drainage basin with lakes distributed throughout the area. However, due to global warming and unreasonable exploitation and utilization of wetlands in the Yinchuan Plain, the stability of the wetland ecosystem has been threatened over the past 50 years.
MATERIALS AND METHODS

Data source
This article uses China environmental disasters satellite (HJ -1B) remote sensing data. Remote sensing images date for April 5, 2009. The study area is located in arid and semi-arid areas, low rainfall, and takes farmland irrigation and agricultural production activities in mid-April each year. Prior to this time, soil salinity reaches to the highest volume. HJ-1 satellite is the earth observation satellite which launched in September 2008, with spatial resolution of 30m, and spectral resolution of 4 spectral band including blue, green, red, near infrared. The 4-band spectral range is: 0.43-0.52 µm (B1 Blue), 0.52-0.60 µm (B2 Green), 0.63-0.69 µm (B3 Red) and 0.76-0.90 µm (B4 Near Infrared).
Classification and imaging features of saline soil
According to the actual situation of soil salinization in Yinchuan Plain and the feasibility of remote sensing image interpretation, we classified the Yinchuan Plain saline soil as severe saline soil, moderate saline soil, mild saline soil and non-saline soil, and the non-saline soil includes waters, construction land, sand and so on. We registration the remote sensing image with 1:10 million topographic map, combining with field on-site inspection, sampling and the measurement of soil salinity, analyze the image features of different degree of land salinization, establish interpreting marks such as tone of images, the texture characteristics, distribution location and the topography characteristics (Table 1) .
The preprocessing of HJ-1 satellite images
Image preprocessing includes absolute radiation calibration, image geometric correction and spectral dosing.
Absolute radiation calibration: complete radiation correction mainly includes sensor correction, atmosphere correction, the solar Table 1 . Land salinization classification indexes and image feature of study area.
Saline land type
Remote sensing image features Non-saline land
The false color composite image was gray in the 4, 3, 2 band and texture is extremely uniform and smooth. Mild saline land Grey bright spots distributed in the southern region in the Yinchuan Plain, the texture is more even, smooth. Moderate saline land Light gray sheet and plaque region located in areas near the Yellow River, texture is uniform and smooth. Severe saline land Light gray region distributed in the northern part of the local area of Yinchuan Plain, rough texture.
altitude angles and topographic correction. In the study of HJ-1 satellite images, we have already conducted sensor correction and atmosphere correction, and this article introduces digital elevation model (DEM) to makes an adjustment for the solar altitude angles and terrain. Radiation correction can improve image tone and color, in order to improve the quality of the images.
Geometry fine correction: we use 1:10 million topographic map in the Yinchuan Plain as benchmark datum of image geometric correction. Contrasting topographic map and remote sensing image, we chose 25 pairs of ground control points to process remote sensing image geometric fine calibration, and use quadratic multinomial model, bilinear interpolation on image re-sampling. Calibration error is controlled within 0.5 pixels.
False color composite: HJ-1 remote sensing image is combined with 432 bands, for better highlighting the patch characteristics of saline soil.
Extraction of saline soil information
After the previous preparation, the following procedures were adopted to extract the information of the saline soil in the Yinchuan Plain. In this study, ENVI 4.5 digital image processing software was used for processing and classification ( Figure 2 ). First, we should make the principal component transformation. The first principal component takes 99.42% of the total amount of information, and could be used to substitute for the three bands. Thus, we chose the first principle component as one grayscale band for calculating the texture features. Then we need to compute the texture measurements. In this study, we used the first principal component to compute the eight measurements, mean, variance, homogeneity, contrast, dissimilarity, entropy, angular second moment, and correlation. To save computing time, we used a window size of 5 by 5, an offset distance of 1 pixel, and a grayscale quantization level of 16 bits to run the texture measurement. Finally, we select the best texture measurements. To accomplish this, we extracted statistics of the training samples in each class using the eight-layer texture images. Regions of interest (ROI) were selected and optimized, and exported to the N-D Visualizer, so that we could see the distribution of the points within the ROIs. We computed the ROIs' statistics and measured the separability of each class using the J-M distance. The separability of the two classes was said to be ideal, if the value of the J-M distance is between 1.5 to 2.0.
The evaluation of classification accuracy
We randomly selected 800 checkpoints in wetland classification figure, and not less than 60 points of each saline soil type, then we inspected precision, and get the overall accuracy, Kappa coefficient etc. The overall accuracy is 84.16%, Kappa coefficient is 0.8371. Through on-the-spot investigation, and comparing with the GPS sampling points, the conformity degree of the result of classification and on-the-spot reaches 83.6%.
RESULTS AND DISCUSSION
Spatial distribution characteristics
The remote sensing classification figure of soil salinization in the Yinchuan Plain indicated that severe saline soil are mainly distributed in the north area of plain, while moderate saline soil are more distributed in the central area, and mild saline soil are mainly distributed in the south. Saline soil had a total area of 249 800 hm 2 , where, severe saline soil, moderate saline soil, and mild saline soil distribution area were 53 000 hm 2 , 46 300 hm 2 , and 150 500 hm 2 , respectively. Yinchuan Plain is flat, and difficult to drain.
Analysis of potential causes
Land salinization is formed in certain climate, topography, hydrogeology and other natural conditions. Meanwhile, human beings improper land use has significant impact on the formation of soil salinization.
Climate is the driving forces of the formation of land salinization
Study area is located in the arid area, has an annual average rainfall of 180~220 mm and an annual average evaporation of 1800~2200 mm, about 10 times of rainfall. In this dry climate conditions, soil leaching role is weak, combined with strong surface evaporation, salinity of the soil and groundwater rise to the surface soil by capillary action, and form the soil salinization (Wang et al., 2009 ) .
Landform is the main factor which effect the distribution and differences of soil salinization
Different landform areas, the morphology and composition are different; these differences influence the deposited salt conditions of soil. Through observation of the remote sensing images of the study area, we can easily see that, salinization degree is different from different terrain unit.
Yinchuan Plain has a characteristic slope from southwest to northeast, and particularly low and even in the northern area, north-south gradient is 0.18‰, eastwest gradient is 0.67-2.0‰, the elevation of depression center is 1089.9 m, which causes drainage problems. The differences of micro-topography and small topographic features lead to the varying degrees of soil salinization in ponds and pools around, it is easy to form severe saline soil for lateral pool infiltration; On both sides of the trunk and branch canals, and the outlying areas of lakes depression for the reason of the annual warping and construction of highly standardized field, and impacted by the level of the terrain, the soil salinization of upper farming light, but has progressively increased salinity down. For smooth land is not that enough, though in the same piece of land, it can result in a light salinity level in flat place, heavy in high place, or forming salt spots. This is because the height of no irrigation water and storm out of water, lacks of irrigation leaching; On the contrary, due to strong evaporation, at the role of water in the capillary, the salt of soil in the upper and the level move from the level to the upward, and the upper quickly accumulated salt spots.
The hydrogeological conditions are key to the formation of saline soil
Soil salinization has close relationship with discharge conditions of groundwater, buried depth of groundwater, water quality and so on. The more shallow depth of groundwater level, the more higher the degree of mineralization and the heavier extent of soil salinization; after evaporation, more salt are brought to the surface, hence, the heavier extent of soil salinization. In comparing the northern area with the south in Yinchuan Plain, the degree of diving and mineralization is high, but there are poor runoffs since the water level is shallow, so the salinity in northern area is higher than that of the south. Other conditions are similar, generally, the distribution area dominated by sandy clay and clay-based rock complex is due to the fact that clay has strong hysteresis effect on salt and water, irrigation water is hindered to the surface, leading to a long-term difficulty to discharge, under the condition of strong evaporation, the level of soil salinization become heavier. If the rock complex located in low-lying areas, then most of them can easily form salt marsh soil. On the contrary, if lithology is mainly about sandy soil, the coarser the lithology, the stronger permeability, and the degree of soil salinization is relatively light; generally in the shallow area (0-2 m), if there exist the lithology complex with a certain thickness of the clay interlayer, it will result in a hysteresis effect of salt and water, and the surface is easy to form salt spots.
The human factor is an important factor for the formation of saline soil
Intense human activities contributed to soil salinization, and secondary salinization of land is as a result of human activities (Zeki et al., 2010) . Human factors include water conservancy project and farmland irrigation. The Yinchuan Plain of Ningxia has become an important agricultural reclamation land, so human's agricultural activities have a great significant impact on soil salinization. Long-term unreasonable land use and agricultural water activities, including sheet flood irrigation, namely the unreasonable mode of irrigation, unreasonable distribution of crop, such as the large rice growing area, the low water efficiency and so on, ultimately resulting in a large area of high level of water and strong soil salinity in Yinchuan Plain (Zhou et al., 2009) .
In Yinchuan Plain, there is lack of awareness in environmental protection in the long course of the Yellow River irrigation, because there is no complete set of scientific management system and it emphasize on irrigation, but light drainage, irrigation and drainage disorder, which resulting in the level of groundwater (diving) uplift, and soil salinization accentuates. On the aspect of drainage, it also exist the similar problems. In recent years, although the leaders vigorously manage the drainage work, the problems of heavy irrigation and light drainage still exist in many local places. Mainly displays in that the excavation depth of drain is insufficient, it can only drain the surface water but not the groundwater, Some drains lacks conserving and has serious siltation and collapse, even some of the drainage ditch has no drainage outlet and become die ditch etc., the result is uplift the level of underground water, causing soil salinization. With recent emphasis on the improvement of saline soil, drainage facilities are constantly improved; but for the reason of mismanagement, drains blocked, and drainage station runs difficult etc., the drainage effect is not obvious, and salinization improved ineffectively.
Thus, soil salinization in Yinchuan Plain is the results of the dual role of the natural environment and human activities, but more direct and major factor is human activities.
The control measures of soil salinity
The rebound of soil salinization of irrigated areas in Ningxia Plain has given rise to high attention of decision making departments, concerning to the prevention of soil salinization in Ningxia Plain, in the full use of the originally mature engineering measures, we make a number of the following suggestions:
First, we should improve reconstruction planning centered on water-saving in Yinchuan Plain. The mismatch of water conservancy is the most direct cause of salinization in Ningxia Plain. Second, we must make some scientific plans to improve the efficiency of water use and reduce soil salinization. Irrigation area in Ningxia Plain is the major grain-producing areas, and also is the main water consumption area. High water consumption is a passive choice of the requirements of high production; high water consumption is a major cause of salinization. Therefore, under the premise of ensuring food security, we use the scientific outlook on development as guidance to carry out the irrigated areas reconstruction centered on improving water efficiency, it has vital strategic significance to alleviate the contradiction of industrial and agricultural water, solve the water crisis and prevent soil salinization in Ningxia Plain. Finally, the reconstruction of irrigated areas should highlight the close integration of various measures. Improvement of saline soil is a worldwide problem, a simple modified measure is difficult to achieve the purpose, we should consider the local conditions, make comprehensive use of various measures, and noted that the combination of protection and utilization. The improved soil still has the potential threat of recurrence of salinity in a particular natural conditions and unreasonable human factors. Therefore, during the process of the improvement of saline soil, we should take reasonable agricultural measures to safeguard the effect of governance.
